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ABSTRACT 
 
The Brevibacterium lactofermentum argS gene, which encodes an arginyl-tRNA synthetase, 
was identified in the upstream region of the lysA gene. The cloned gene was sequenced; it 
encodes a 550-amino-acid protein with an Mr of 59,797. The deduced amino acid sequence 
showed 28% identical and 49% similar residues when compared with the sequence of the 
Escherichia coli arginyl-tRNA synthetase. The B. lactofermentum enzyme showed the highly 
conserved motifs of class I aminoacyl-tRNA synthetases. Expression of the argS gene in B. 
lactofermentum and E. coli resulted in an increase in aminoacyl-tRNA synthetase activity, 
correlated with the presence in sodium dodecyl sulfate-polyacrylamide gels of a clear 
protein band that corresponds to this enzyme. One single transcript of about 3,000 
nucleotides and corresponding to the B. lactofermentum argS-lysA operon was identified. 
The transcription of these genes is repressed by lysine and induced by arginine, showing an 
interesting pattern of biosynthetic interlock between the pathways of both amino acids in 
corynebacteria. 
 
 
  
The aminoacyl-tRNA synthetases play a central role in the mechanisms of translation 
of the genetic message; they catalyze the first step by charging accurately a given set of 
tRNAs with their cognate amino acids. Aminoacyl-tRNA synthetases are also involved in 
other biosynthetic processes; in the synthesis of cell walls of some gram-positive bacteria, 
the aminoacyl-tRNAs serve as amino acid donors in forming peptide bridges of the 
pentapeptide side chain, beginning with the attachment of an amino acid to the e-amino 
group of the lysine or diaminopimelic acid residue of the pentapeptide (29). Aminoacyl-tRNA 
synthetases are, at least indirectly, involved in many cellular regulatory processes, including 
the repression of some amino acid biosynthetic pathways, the control of stable RNA 
formation, the initiation of DNA replication, and the control of protein degradation (29). 
Sequence comparisons of aminoacyl-tRNA synthetases have led to the division of these 
enzymes into two classes, class I and class II, depending on the presence of characteristic 
conserved motifs (9). The study of the structure-function relationships of arginyl-tRNA 
synthetases, in comparison with those of other aminoacyl-tRNA synthetases, is of particular 
interest, since  one of the catalytic steps of arginyl-tRNA synthetases, the ATP-PPi exchange 
reaction, requires the presence of tRNAArg (28); this substrate probably interacts with the 
corresponding catalytic activation site to confer its functional conformation (11). 
The nonpathogenic soil corynebacteria Brevibacterium lactofermentum and 
Corynebacterium glutamicum are widely used for the production of amino acids. There is 
great interest in the study of amino acid biosynthetic pathways and the molecular 
mechanisms of control of these pathways because of the economic importance of these 
microorganisms. Most of the work has focused on the isolation and determination of the 
nucleotide sequences of the genes involved in the lysine biosynthetic pathway. The last gene 
of this pathway, lysA, encodes the enzyme meso-diaminopimelate decarboxylase, which 
catalyzes the conversion of meso-diaminopimelic acid into lysine (25, 41). For C. glutamicum, 
there is functional and molecular evidence that the lysA gene is expressed in a polycistronic 
messenger with an upstream sequence, the orJX gene (24). Recently, Sharp and Mitchell (34) 
postulated that the C. glutamicum orJX gene may code for an arginyl-tRNA synthetase, on 
the basis of a reexamination of the previously published sequence.  
In this article, we report the isolation, characterization, expression, and 
transcriptional analysis of the argS gene encoding the B. lactofermentum arginyl-tRNA 
synthetase that is located in the upstream region of the lysA gene. 
 
MATERIALS AND METHODS 
 
Bacterial strains, culture conditions, transformation, and conjugal transfer 
All B. lactofermentum and Escherichia coli strains and plasmids used in this work are listed in 
Table 1. B. lactofermentum was grown in Trypticase soy broth (TSB; Difco) or on TSA (TSB 
with 2% agar) complex medium at 30°C. E. coli was grown in LB or on LA (23) or in Vogel-
Bonner minimal medium. Ampicillin or kanamycin was added, when required, at a final 
concentration of 50 or 100 µg/ml, respectively. 
Transformation of E. coli competent cells was carried out by standard methods (23). 
E. coli competent cells were prepared as described by Chung et al. (4). Transformation of B. 
lactofermentum was carried out by electroporation (7). To prepare cells for electroporation, 
1 liter of TSB was inoculated with a 1% overnight culture of B. lactofermentum R31. The 
culture was incubated at 30°C, with a good oxygen transfer rate, until it reached an optical 
density at 600nm of 0.6. Mating experiments were done as described by Schafer et al. (32), 
with some minor modifications (12). 
 
DNA isolation and manipulation 
Total DNA from B. lactofermentum and C. glutamicum was obtained as described previously 
(30). Total DNA from E. coli was isolated by standard methods (23). Plasmid DNA from E. coli 
was prepared by the alkaline lysis procedure (23), whereas rapid screenings of plasmid DNA 
were carried out by the boiling method (23). Restriction endonucleases and other enzymes 
 were purchased from Boehringer, BRL, and Amersham. All enzymes were used according to 
manufacturer instructions.  
DNA separation and visualization were carried out with 1% agarose gels by standard 
methods. DNA fragments were isolated from low-melting-point agarose (Sigma). Gene 
libraries of B. lactofermentum total DNA in plasmid pUC13 were constructed previously by 
M. Malumbres (21a). Total DNA was partially digested with Sau3AI, and fragments ranging 
from 4 to 10 kb were isolated by sucrose gradient ultracentrifugation. Equal amounts of DNA 
from B. lactofermentum (Sau3AI digested) and BamHI-digested pUC13 were mixed and 
ligated at 14°C with T4 DNA ligase for 16 h. A second gene library was constructed with 
HindIll-digested total DNA and HindlIl-digested pUC13. The ligation mixtures were initially 
transformed into E. coli DH5a to amplify the gene libraries. Plasmid DNA from E. coli DH5a 
was used to transform the E. coli lysA strains CGSC 4505 and RLAI  1 (Table 1). 
Southern hybridizations were carried out by standard methods (23). Plasmid pULJS53 
was used as a probe; it was labelled by nick translation with [a-32P]dCTP (3,000 Ci mmol; 
Amersham) by use of a nick translation kit from Promega. Labelled plasmid was purified and 
concentrated by use of Minicolumn-D (Sigma).  
 
DNA sequencing 
A 2.5-kb NlaIII-SalI fragment from plasmid pULJS14 and containing the argS gene was 
digested with several restriction enzymes, and the resulting fragments were subcloned in 
pUC119 and pUC118 phagemids. Single stranded plasmid DNA was isolated after 
transformation of E. coli WK6 mutS (Table 1) with the recombinant phagemids and 
helper virus M13K07 (27). Sequencing was performed by the dideoxy method (23) with the 
Sequenase system (United States Biochemical Co.) and the TaqTrack sequencing system 
(Promega). [a-35S]dATP (600 Ci.mmol-1) was purchased from Amersham. 
Gene expression in E. coli and corynebacteria. Cultures of E. coli TGE900 containing 
plasmid pULJS84 (argS gene cloned in pTG908) and E. coli TGE900 containing plasmid 
pTG908 (without an insert) as a negative control were grown at 30°C with vigorous aeration 
(300 rpm) for 3  to 4 h, until they reached an optical density  at 595  nm of 0.5. Protein 
expression was allowed to occur by overnight incubation at 37°C. Cultures were washed 
twice in 0.9% NaCl, harvested by centrifugation, suspended in 100 mM Tris-HCl (pH 8), 10 
mM MgCl2, 1 mM EDTA (pH 8), and sonicated with an Ultrason-Annemasse apparatus (type 
250TS20K); cell debris was eliminated by centrifugation  at 105,000 x g for 2 h. The protein 
concentration of the lysate was determined after overnight dialysis in 60% glycerol, I mM 
MgCl2, 50 mM Tris-HCl (pH 7.5), 0.1 mM EDTA (8). 
Cultures of B. lactofermentum R31 (wild type) and B. lactofermentum 
R31(pUL61OM15) were grown until they reached the stationary phase. After this, the 
procedure for the preparation of the crude protein extracts was identical to that 
previously described for E. coli. 
 
Aminoacylation assay 
The aminoacylation reaction mixture contained 50 mM Tris-HCl (pH 7.5), 30 mM KCl, 20 mM 
MgCl2, 0.1 mM L-[14C]arginine or L-[14C]lysine (25,000 cpm.nmol-1) (CEA, Saclay, France), 10 
mM ATP, 3 mg of unfractionated E. coli tRNA per ml, 2.5 mM glutathione, 0.1 mM bovine  
serum albumin, and 10 µl of the appropriate E. coli or B. lactofermentum crude extract. After 
various incubation times at 37°C, [14C]arginyl-tRNAArg or [14C]lysyl-tRNALys formed in 50 µI of 
the reaction mixture  was assayed as described previously (10). 
 
Transcriptional analysis 
Total RNA was isolated from exponential-phase cultures of B. lactofermentum ATCC 13869 
in minimal medium MMC (19). Cells were harvested, resuspended in 10 mM EDTA, 20 mM 
Tris-HCl (pH 8.0), 100 mM NaCl, 1% sodium dodecyl sulfate (SDS), and disrupted with a 
French press (SLM Instruments). RNA was purified by use of a cesium chloride gradient as 
described previously (14). The RNA concentration was determined by measuring the A260. 
Northern (RNA) hybridization and dot blot analysis were performed by standard methods. 
DNA probes were prepared by labelling the argS internal 1.2-kb EcoRV fragment and the 
lysA internal 1.0-kb NruI-EcoRV fragment by nick translation. The 16S and 23S rRNAs of E. 
coli (Boehringer) were used as controls. 
 
Nucleotide sequence accession number 
The sequence data reported in this study have been deposited in the EMBLGenBank- 
DDJB nucleotide sequence data libraries under accession number Z21501. 
 
RESULTS 
 
Cloning and nucleotide sequence of the argS-lysA cluster of B. lactofermentum 
To clone the argS-lysA cluster, libraries of B. lactofermentum total DNA were constructed in 
E. coli cloning vectors and used to transform E. coli lysA mutants CGSC 4505 and RLA11 
(Table 1). Two recombinant plasmids, pULJS53 and pULJS14 (Fig. 1), that resulted in 
heterologous lysA complementation in Vogel-Bonner minimal medium were isolated. The 
presence in the chromosome of B. lactofermentum of the inserts contained in these 
plasmids was confirmed by Southern blot analysis (data not shown). Total DNAs of B. 
lactofermentum ATCC 13869 and C. glutamicum AS019 were digested with HindlIl and 
BamHI. Hybridizations were carried out with cx-32P-labelled pULJS53. The hybridizing bands 
in the total DNAs corresponded to the expected sizes, according to the restriction map of 
pULJS53. The hybridizing BamHI and Hindlll restriction fragments were identical in both 
corynebacterial and were not observed in control hybridizations with E. coli BamHI-digested 
DNA.  
The nucleotide sequence of the cloned fragment was obtained by sequencing a 2.5-
kb NlaIII-SalI fragment located in the upstream region of the lysA gene and analyzing 
potential protein-coding regions within the sequenced DNA fragment. An open reading 
frame (ORF1) of 1.7 kb is located in the same orientation as but in a different reading frame 
from an incomplete open reading frame (ORF2). There are two potential translation start 
sites in ORFI (AUG and GUG). Assuming that the first methionine is the N-terminal amino 
acid, the ORF1 product contains 550 amino acids and has an Mr of 59,797; if a valine start is 
assumed, the ORFI product consists of 517 amino acids and has an Mr of 56,227. An 
additional, divergent open reading frame (ORF3) has been found inside ORFI; it encodes a 
putative polypeptide of 328 amino acids and having an Mr of 36,286.  
The G+C content of ORFI is 0.57 mol%, similar to the values described for 
corynebacterial genes. Codon usage analysis of the sequenced region shows a strong 
correlation between the ORFI values and the codon usage values obtained for other genes 
expected to be highly expressed in corynebacteria, such as those of the glycolytic enzymes 
sequenced in C. glutamicum (22).  
 
Homology between the deduced amino acid sequence of ORFI and the E. coli arginyl-tRNA 
synthetase sequence  
The complete nucleotide sequence and the deduced amino acid sequence of the gene 
located upstream of the lysA gene of B. lactofermentum were compared with nucleotide 
(EMBL and GenBank) and amino acid (PIR) sequence data bases. B. lactofermentum ORFI is 
almost identical to the C. glutamicum orfX gene (24), showing 11 nucleotide and 3 amino 
acid changes. The highest degree of homology was found between the deduced amino acid 
sequence of B. lactofermentum ORFI and the E. coli arginyl-tRNA synthetase sequence (10), 
in agreement with the results obtained for the protein encoded by C. glutamicum orJX (34). 
The B. lactofermentum ORF1 and E. coli argS products have 28% identical amino acid 
residues and 49% similar residues. Recently, the Mycobacterium tuberculosis lysA gene was 
described (1). Analysis of the upstream region of this gene revealed the presence of an 
incomplete ORF; the deduced amino acid sequence of this partial ORF shows clear homology 
with that of B. lactofermentum ORFI and with the E. coli arginyl-tRNA synthetase sequence 
(data not shown).  
Sequence homology analysis of incomplete ORF2 showed that this sequence 
corresponds to the sequence of the diaminopimelate decarboxylase (lysA) gene, previously 
described for C. glutamicum (41). 
 
Expression of the argS-lysA cluster in B. lactofermentum and E. coli 
The expression of argS-lysA was accomplished with a bifunctional vector, pUL610M (26) 
(Table 1), for use in B. lactofermentum and in E. coli. Subcloning of the argS-lysA cluster in 
this vector resulted in plasmid pUL610M15. The level of the arginyl-tRNA synthetase enzyme 
in B. lactofermentum R31 harboring the recombinant plasmid was fourfold higher than that 
in untransformed B. lactofermentum R31 (Table 2). The lysyl-tRNA synthetase activity 
showed no relevant differences in extracts of control and transformed strains (data not 
shown).  
SDS-polyacrylamide gel electrophoresis analysis of the proteins showed, in the B. 
lactofermentum R31(pUL61OM15) extract, a clear band similar in size to the purified E. coli 
arginyl-tRNA synthetase band (data not shown). This band had an Mr of 60,000, which 
correlates well with the Mr of the protein encoded by ORFI, starting at the first methionine 
(deduced Mr, 59,797). 
A 1.7-kb PvuII-HindIII fragment encoding the entire arginyl-tRNA synthetase enzyme 
was cloned by blunt-end modification of the unique BamHI restriction site of E. coli 
expression vector pTG908 (5), and the resulting plasmid was named pULJS84. When a 1.65-
kb Sacl-Hindlll fragment was used instead of the PvuII-HindIII fragment, the resulting protein 
 was insoluble, inactive, and of a size smaller than that of the original B. lactofermentum 
arginyl-tRNA synthetase (data not shown). These data support the assignation of the first 
methionine (located near the PvuII restriction site) as the N-terminal amino acid of the 
protein, instead of the valine (close to the SacI restriction site) proposed by Marcel et al. (24) 
for C. glutamicum.  
A specific arginyl-tRNA synthetase activity was found in the E. coli TGE900(pULJS84) 
crude cellular extract; it was about four times higher than the activity observed for the E. coli 
TGE900 (pTG908) cellular extract, which represents the endogenous activity corresponding 
to the E. coli arginyl-tRNA synthetase (Table 2). 
 
Disruption assays of the chromosomal argS gene of B. lactofermentum 
To analyze the properties of a putative argS mutated strain, a 600-bp internal PstI-EcoRI 
fragment of the argS gene from pULJS14 was subcloned into the mobilizable E. coli vector 
pK18-mob, which is unable to replicate in B. lactofermentum. Simultaneously, a 1.0-kb NruI-
EcoRV DNA fragment corresponding to an internal part of the lysA gene of C. glutamicum 
(12) was subcloned into the same mobilizable vector. Conjugal transfer of the resulting 
plasmids, from E. coli S17-1 to B. lactofermentum wild-type ATCC 13869 and R31, led to 
disruption of the chromosomal argS and lysA genes by plasmid integration via a single 
recombination event. Kanamycin-resistant cells corresponded to the transconjugants 
carrying the integrated plasmids.  
Several transconjugants were resistant to kanamycin and auxotrophic for lysine in 
disruption experiments with the plasmid containing the lysA internal DNA fragment. The 
chromosome disruption at the lysA locus of B. lactofermentum was confirmed by Southern 
hybridizations (data not shown). However, in three different experiments performed with 
the plasmid containing the argS internal DNA fragment, no kanamycin-resistant cells of B. 
lactofermentum could be obtained (in lysine-supplemented or nonsupplemented medium), 
suggesting that the argS gene product is essential for growth.  
 
Transcriptional analysis of the argS and lysA genes 
Northern hybridization experiments were carried out to identify the argS and lysA mRNA 
transcripts. Total RNA from B. lactofermentum ATCC 13869(pUL61OM15) was isolated, size 
fractionated by gel electrophoresis on agarose formaldehyde gels and transferred onto 
nylon membranes. These membranes were hybridized with the argS and lysA radioactive 
probes (see Materials and Methods). An RNA transcript of about 3,000 nucleotides 
hybridized with both of these probes (data not shown). These results agree with those 
obtained for the C. glutamicum orfX-lysA transcript (24). 
 
Regulation of the lysine pathway by lysine and arginine 
Total RNA from B. lactofermentum ATCC 13869 (pUL61OM15) was isolated from minimal 
medium cultures supplemented with 10 mM lysine and/or arginine. Different amounts 
(serial dilutions) of this RNA were applied to nylon membranes and hybridized with the argS 
internal probe. Lysine supplementation resulted in a 32% decrease in the level of the specific 
argS mRNA, compared with the level in unsupplemented medium, whereas a 3.1-fold 
increase was achieved in the presence of arginine (Fig. 2). When both amino acids were 
added simultaneously, an intermediate effect was observed (1.9-fold increase). Similar 
results were obtained when the lysA internal fragment was used as a probe. These 
results indicate that transcription of the argS-lysA operon is repressed by lysine and induced 
by arginine. 
 
 
DISCUSSION 
 
In this article, we provide evidence for a gene encoding an arginyl-tRNA synthetase 
and located upstream of the B. lactofermentum lysA gene. Two main ORFs were found in the 
sequenced fragment. ORF1 (1.7 kb) showed only a few nucleotide changes when compared 
with C. glutamicum orJX (24). The B. lactofermentum ORFI gene product showed a good 
degree of homology with E. coli arginyl-tRNA synthetase (10) and the amino acid sequence 
deduced from the upstream region of the M. tuberculosis lysA gene (1). In addition, 
biochemical analysis showed that the ORFI gene product was an arginyl-tRNA synthetase. 
The argS gene was expressed in B. lactofermentum and E. coli, revealing an increase in 
arginyl-tRNA synthetase activity.  In the same strand, incomplete ORF2 corresponded to the 
beginning of the B. lactofermentum lysA gene, as shown by complementation studies and 
sequence analysis. 
Comparison of the B. lactofermentum arginyl-tRNA synthetase with several 
eukaryotic and prokaryotic class I (Fig. 3) and class II synthetases allowed us to assign the 
corresponding HIGH and KMSKS consensus motifs for this enzyme and classify it as a class I 
aminoacyl-tRNA synthetase. The HIGH sequence is located near the amino-terminal end of 
several class I synthetases and is probably involved in the binding of ATP (38), the common 
substrate of these enzymes. For the tyrosyl-tRNA synthetase from Bacillus 
stearothermophilus, it was demonstrated that the two flanking histidine residues of 
the HIGH consensus motif were involved in ATP binding (21). For B. lactofermentum arginyl-
tRNA synthetase, the HIGH consensus tetrapeptide sequence (HLGG) is located at amino 
acid positions 137 to 140, and the other short conserved peptide sequence, the KMSKS 
sequence, starts at amino acid 374 (RMSKR). For E. coli methionyl-tRNA synthetase and 
tyrosyl-tRNA synthetase, the KMSKS sequence is involved in tRNA binding (16). The leucyl-, 
isoleucyl-, and methionyl-tRNA synthetases also share another conserved sequence (the 
tripeptide GAD and a conserved arginine) downstream from the KMSKS motif (15). This 
sequence motif, which also occurs in B. lactofermentum arginyl-tRNA synthetase, appears to 
be conserved in other class I aminoacyl-tRNA synthetases, such as the E. coli, Saccharomyces 
cerevisiae, and human glutaminyl-tRNA synthetases and the B. stearothermophilus valyl-
tRNA synthetase (Fig. 3). 
In disruption assays done to inactivate the B. lactofermentum argS gene, we could 
not obtain kanamycin-resistant transconjugants, whereas several auxotrophic mutants were 
obtained by disruption of the lysA gene with the same technique.  Similar lysA mutants were 
obtained previously by gene disruption in C. glutamicum (33). These results led us to 
propose that in B. lactofermentum, argS is an essential gene and its inactivation is 
lethal, since protein synthesis is prevented by the lack of an active arginyl-tRNA synthetase. 
The argS and lysA genes of B. lactofermentum are transcribed in a single mRNA of 
about 3,000 nucleotides.  A similar organization was described previously for the C. 
glutamicum orJX-lysA operon (24).  It is interesting that the same organization for argS-lysA 
occurs in M. tuberculosis but not in E. coli (in which the argS and lysA genes map at min 41.3 
and 61.4, respectively [20]), B. subtilis (40), or Pseudomonas aeruginosa (17), suggesting a 
close phylogenetic relationship among the genera Corynebacterium, Brevibacterium, and 
Mycobacterium. Corynebacteria and mycobacteria have been included in the high-G+C 
subdivision of the gram-positive bacteria by rRNA studies (39).  
Other examples of similar organization between genes for aminoacyl-tRNA 
synthetases and amino acid biosynthetic enzymes have been described. The lysS gene 
(encoding lysyl-tRNA synthetase) of Campylobacter jejuni is located immediately upstream 
of the glyA gene (encoding serine hydroxymethyltransferase), and both genes could 
potentially be expressed independently or as a single transcription unit (3). In B. subtilis, the 
gltX gene (encoding glutamyl-tRNA synthetase) and the cysE and cysS genes (encoding serine 
acetyltransferase and cysteinyl-tRNA synthetase, respectively) are cotranscribed (13). These 
gene arrangements may have been selected in evolution when efficient usage of limited 
DNA sequence was required. 
In the model proposed for the regulation of expression of the E. coli lysA gene, an 
activator protein, a product of the lysR gene, is the positive effector required for the full 
expression of this gene (37). Diaminopimelic acid and lysine cause induction and repression, 
respectively, presumably by modulating LysR efficiency (35, 36). As shown by transcriptional 
analysis, lysine slightly represses the transcription of the B. lactofermentum argS-lysA 
operon. Cremer et al. (6) proposed that lysine at 20 mM represses C. glutamicum lysA gene 
expression, whereas Yeh et al. (41) showed that lysA gene expression is not repressed by 
lysine at 5 mM. Our results confirm that weak regulation (32%) is exerted by 10 mM lysine at 
the transcriptional level. 
Arginine induces the expression of the B. lactofermentum argS-lysA operon by 
threefold. This may represent another example of a metabolic interlock (18). The coupling of 
the transcription of the B. lactofermentum argS and lysA genes indicates that arginine plays 
a direct role in the regulation of the lysine biosynthetic pathway. If the lysA gene is only 
expressed from the argS promoter, the corynebacteria could limit the synthesis of lysine 
(therefore saving diaminopimelic acid for cell wall biosynthesis) up to the level of arginyl-
tRNA synthetase, and this limitation probably is related to the rate of protein synthesis. 
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Table 1 Bacterial strains and plasmids 
Strain or plasmid Genotype or descriptiona Reference or source 
Strains 
B.  lactofermentum 
ATCC  13869 
R31 
 
C.  glutamicum AS019 
 
E. coli 
DH5a  
 
WK6mutS 
 
RLA11 
CGSC 4505 
TGE900 
 
S17-1 
 
 
Plasmids 
pUC13 
pUC118 and pUC119 
pK18-mob 
pTG908 
pUL610M 
pULJS14 
pULS53 
pUL610MI5 
 
pULJS84 
 
pULJS75 
 
pULJS76 
 
 
 
Wild type; Nalr  
MeLysr Aecr Nalr mutant derived from ATCC 13869 
 
Nalr rifampin-resistant mutant of ATCC 13059  
 
 
F- recA1 endA1 gyrA96 thi-1 hsdRl7 (rK- mK+) sup44 
relA1 l- F80dlacZDM15 D(lacZYA-argF)U169 
D(lac-proAB) galE strA mutS215::Tn10/F' lacIqZDM15 
proA+B+ 
araD139 D(lacIPOZYA)Ul69 rpsL thiA LysA::Mu 
thi-1 lysA22 relA1 l- spoT1 
F- su ilv his bio (lcI857 with a deletion of the BamHI 
site) 
Mobilizing donor strain containing an RP4 derivative 
integrated into the chromosome; hsdR pro recA 
 
 
ColEl Apr 
ColEl Apr; M13 origin of replication 
Mobilizable plasmid 
E. coli expression vector containing the lPL promoter 
Corynebacterium-E. coli shuttle vector; Apr Kmr Hygr 
pUC13 recombinant clone; lysA+ argS+ 
pUC13 recombinant clone; lysA+ 
pUL610M containing a 6.4-kb HindlIl fragment (argS+-
lysA+) of pULJS14 
pTG908 containing a 1.7-kb PvuII-HindIII fragment 
(argS+) of pULJS14 
pT7-5 containing a 6-kb BamHI-HindIII fragment (argS+-
lysA+) of pULJS14 
pT7-6 containing a 6-kb BamHI-HindIII fragment (argS+-
lysA+) of pULJS14 
 
 
American Type Culture Collection 
31 
 
K. Dunican 
 
 
Laboratory stock 
 
 
R.  Zell 
C. Richaud 
E. coli Genetic Stock Center 
5 
 
 
A. Puhler 
 
 
Laboratory stock 
Laboratory stock 
A. Puhler 
Transgene 
26 
This work 
This work 
This work 
 
This work 
 
This work 
 
This work 
 
aNal, nalidixic acid; MeLys, methyllysine; Aec, S-aminoethylcysteine; Ap, ampicillin; Km, kanamycin; Hyg, hygromycin. 
 
 
 
Table 2 Arginyl-tRNA synthetase activities 
Strain Sp acta 
(U/mg of protein) 
Relative 
activityb 
B. lactofermentum R31 
B. lactofermentum R31(pUL610M15) 
E.  coli TGE900(pTG908) 
E.  coli TGE900(pULJS84) 
0.4 
1.5 
16.4 
53.7 
1.0 
4.3 
1.0 
3.3 
aOne unit of arginyl-tRNA synthetase activity is defined as the amount of protein which catalyzes the 
incorporation of 1 nmol of amino acid into unfractionated tRNA in 1 min under the described conditions (see 
Materials and Methods). 
bA relative activity of 1.0 is the amount of arginyl-tRNA synthetase in the corresponding control strains, B. 
lactofermentum R31 and E. coli TGE900 (pTG908). 
  
FIGURES AND LEGENDS 
 
 
 
 
 
 
Figure 1 Restriction maps of the 6.4-kb HindlIl and 4.4-kb Sau3A fragments in pULJS14 and 
pULJS53, respectively. The arrows represent the coding regions in the 2.5-kb sequenced 
NlaIII-SalI fragment.  
  
 
 
 
 
Figure 2 Dot blot hybridization of total RNA from B. lactofermentum ATCC 13869 
(pUL610M15) with the argS internal probe. The 16S and 23S rRNAs of E. coli were used as 
controls (lane 1). B. lactofermentum ATCC  13869 (pUL610M) was grown in minimal medium 
for corynebacteria (MMC) (lane 2), MMC plus 10 mM lysine (lane 3), MMC plus 10 mM 
arginine (lane 4), and MMC plus 10 mM lysine and 10 mM arginine (lane 5). Different 
amounts of RNA were used in all the samples. The lower panel shows integration done by 
use of Shimadzu spectrodensitometry of the dot blots corresponding to sample A (30 
µg/ml). 
  
 
 
 
 
 
Figure 3 Comparison of the conserved motifs of B. lactofermentum arginyl-tRNA synthetase 
and several class I aminoacyl-tRNA synthetases. Amino acid identities between the arginyl-
tRNA synthetase and other class I synthetases are shaded. The conserved motifs HIGH (a), 
KMSKS (b), and GADXXR (c) are overlined. Dots indicate gaps in the alignment, and numbers 
on the left correspond to amino acid residues in the protein sequences. The sequences, 
except for the S. cerevisiae leucyl-tRNA synthetase (15), E. coli isoleucyl-tRNA synthetase 
(38), and B. subtilis and B. stearothermophilus glutamyl-tRNA synthetase (2) sequences, 
were obtained from the GenBank data base. RS, tRNA synthetases; mit, mitochondrial. 
